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Annotation: The study of medicinal plants rich in antioxidants has become increasingly
important due to their significant role in preventing oxidative stress—related diseases. Modern
methods for qualitative and quantitative evaluation of antioxidant-containing medicinal plants
focus on identifying bioactive compounds and accurately measuring their activity. This topic
examines advanced analytical techniques such as spectrophotometric assays, chromatographic
methods, and electrochemical analysis used to determine antioxidant capacity and phytochemical
composition. Special attention is given to methods including DPPH, ABTS, FRAP assays, high-
performance liquid chromatography (HPLC), and gas chromatography—mass spectrometry (GC—
MS), which ensure precise detection and standardization of plant-derived antioxidants. The
application of these modern techniques enhances quality control, supports pharmaceutical
standardization, and promotes the safe use of plant-based medicines in healthcare.
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Introduction:

Antioxidants provide an effective, well-recognized defense against cellular damage caused
by free radical oxidation and are widely employed in the complex treatment of hepatitis,
atherosclerosis, and malignancies.

A promising approach in the development of new antioxidants is the incorporation of sulfur,
due to its capacity for facile oxidation and binding of heavy metal cations. Analytical methods
for these preparations must accurately assess the state of functional groups critical for drug
efficacy, thereby reflecting their antioxidant activity.

Recent studies indicate that one of the primary causes of pathological changes in the human
body—including premature aging and the development of various diseases—is the excessive
accumulation of reactive oxygen and nitrogen species in biological fluids. These include free
radicals such as superoxide anion, hydroxyl radical, and per-hydroxy radical. Elevated
concentrations of these reactive species in cells and biological fluids create conditions that
promote oxidative processes, during which blood vessel walls, protein molecules, DNA,
carbohydrates, and lipids are oxidized. Consequently, the genetic machinery regulating cell
growth becomes damaged, contributing to the onset of numerous diseases.

Antioxidant therapy offers an effective strategy to prevent these processes. The intake of
natural antioxidants—found in vegetables, fruits, berries, plant oils, and other food products—
helps neutralize free radicals and maintain cellular integrity. For safe and effective use, it is
essential to know both the content of antioxidants in foods and their antioxidant activity.
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This review examines quality control methodologies for sulfur-containing antioxidant
substances and dosage forms, as well as techniques for determining their concentration in
biological matrices. Methods described in the European Pharmacopoeia (8th edition), United
States Pharmacopoeia (41st edition), British Pharmacopoeia (2016), and Japanese
Pharmacopoeia (17th edition) for thioctic acid, probucol, bucillamine, and disulfiram were
evaluated.

Electrochemical methods, with high sensitivity and relatively simple sample preparation, are
also suitable for measuring sulfur-containing antioxidants in biological samples. Nonetheless,
most bioanalytical methods rely on chromatographic techniques, which allow simultaneous
detection of the drug and its metabolites. Coupling with mass spectrometry further enables
structural elucidation of metabolites.

Keyword: Sulfur-Containing Antioxidants, United States Pharmacopoeia, British
Pharmacopoeia (2016), and Japanese Pharmacopoeia (17th edition), Electrochemical methods

Sulfur-Containing Antioxidants: A promising approach in the development of new
antioxidants is the incorporation of sulfur, due to its ability to undergo facile oxidation and bind
heavy metal cations. Sulfur-containing antioxidants are widely used in the complex treatment of
hepatitis, atherosclerosis, and malignancies. Analytical methods for these preparations must
accurately assess the state of functional groups critical for drug efficacy, thereby reflecting their
antioxidant activity.

Reliable pharmacopoeial methods for quantitative determination include titrimetry,
spectrophotometry, and high-performance liquid chromatography (HPLC). In addition,
electrochemical methods are increasingly applied, either independently or as detectors in
chromatographic systems. Quantification based on oxidation—reduction potential accurately
reflects the functional state of the drug, ensuring its efficacy. Due to their high sensitivity and
relatively simple sample preparation, electrochemical methods are also suitable for measuring
sulfur-containing antioxidants in biological samples. Nonetheless, most bioanalytical methods
rely on chromatographic techniques, which allow simultaneous detection of the drug and its
metabolites. Coupling with mass spectrometry further enables structural elucidation of
metabolites.

Assessment of Methods for Determining Antioxidant Activity in Food and Bioactive
Compounds: Antioxidant activity (AA) is a key indicator of the health-promoting potential of
bioactive compounds in foods and natural products. This study reviews existing methods for
evaluating AA and identifies the most accurate, reproducible, and cost-effective approaches.
Both chemical and physico-chemical (instrumental) methods are employed. Chemical methods
include redox titration, such as potassium permanganate titration, which provides an approximate
measure of AA relative to quercetin. Instrumental approaches include spectrophotometric
methods (FRAP, CRAC, ABTS, DPPH, TRAP, ORAC) and electrochemical techniques (cyclic
voltammetry, potentiometry, photochemiluminescence).

Analysis of cocoa, chocolate, and spices demonstrates the effectiveness of these methods.
Spectrophotometric measurements show that cocoa and chocolate possess AA 2—4 times higher
than red wine or teas, depending on the method (ABTS+, DPPH, ORAC). Among spices, cloves
(805 mg/g), cinnamon (454.9 mg/g), and allspice (126 mg/g) exhibit high AA, largely due to
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polyphenolic content. Instrumental methods provide higher sensitivity and precision but require
specialized equipment and expertise. The choice of method should consider analytical goals,
sample type, and resource availability, with simpler titration suitable for general AA estimation.

Materials and Methods: This study was conducted based on a review of several articles
and scientific publications. These included a study on antioxidant research methods [1]. The
methodologies used and the results reported in publications on the antioxidant activity of spices
[2,4] were analyzed. For comparative purposes, a study on methods for determining antioxidant
activity and total antioxidant content in cocoa was also examined.

Results: Both chemical and physico-chemical (instrumental) methods are used to measure
antioxidant activity. Analysis of the literature revealed that, based on the mode of detecting
antioxidant activity, methods can be divided into: chemical (redox titration), spectroscopic
(FRAP, CRAC, ABTS, TRAP, ORAC), and electrochemical (coulometric, amperometric,
voltammetric, potentiometric) methods.

The first method considered is redox titration using potassium permanganate as the
oxidizing agent. In this method, a solution of potassium permanganate is titrated at room
temperature with the test sample until decolorization, and the concentration of bioactive
compounds (BAC) is calculated relative to quercetin. The relative AA is indicated by the volume
of the sample (in milliliters) consumed to titrate 1 mL of 0.05 N potassium permanganate
solution. The smaller the sample volume required, the higher its antioxidant activity. A limitation
of this method is the visual determination of the endpoint, which increases analytical error.

Several studies reported spectrophotometric analyses of AA, which depend on multiple
parameters, including time, temperature, substance type, antioxidant concentration, and the
presence of other compounds. Antioxidant activity cannot be measured directly; typically, the
effect of antioxidants on the degree of oxidation is measured. Most often, AA is measured
against long-lived synthetic free radicals (ABTS, DPPH, AAPH, etc.). For example, the ABTS+
method (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) and the DPPH method (2,2-
diphenyl-1-picrylhydrazyl) are used to determine AA in cocoa and chocolate. Results show that,
compared with red wine and green tea, the AA of cocoa and chocolate is 1.8, 2.5, and 4.4 times
higher, respectively, by the ABTS+ method, and 1.7, 2.4, and 4.3 times higher, respectively, by
the DPPH method. On average, AA of cocoa and chocolate (under equal conditions) is about
twice that of red wine, 2—3 times that of green tea, and 4-5 times that of black tea. Using the
ORAC method, AA in cocoa products was determined as follows: unsweetened baking chocolate
(384-499 umol/g), dark chocolate (151.7-246 pumol/g), semi-sweet baking chips (174—190.3
umol/g), milk chocolate (41.7-72.3 umol/g), and chocolate syrup (57.5-66.7 umol/g).

Among electrochemical methods, cyclic voltammetry (CV), photochemiluminescence, and
potentiometry are most commonly used.

The antioxidant activity of some spices was determined using the above methods. Results
indicate AA values as follows: cloves — 805 mg/g, cinnamon — 454.9 mg/g, allspice — 126.0
mg/g, sweet dill — 21.5 mg/g, vanilla — 159.6 mg/g, cardamom — 12.0 mg/g, ginger — 73.2 mg/g,
coriander — 9.2 mg/g. The AA of spices is related to their chemical composition, primarily the
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presence of polyphenols and other compounds. Notably, the AA of spices is an order of
magnitude higher than that of berries and fruits.

Conclusion: Comparison of the analyzed methods and results indicates that they produce
comparable outcomes, and the choice of method depends on the analytical objective. For
approximate estimation of total antioxidant content, the cost-effective redox titration method is
sufficient. Instrumental methods provide more accurate and sensitive results and allow
determination of smaller analyte quantities, but they are more expensive and require qualified
personnel for operation. The choice of method also depends on the sample type—whether
evaluating the antioxidant effect of a compound used to stabilize chemical products and
polymers, or its effect on processes in living cells. Ultimately, each researcher selects, modifies,
or develops a method based on their goals and resources.
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